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ABSTRAK 
Penggunaan gentian asli dan sisa produk telah menjadi satu keperluan untuk 
pembangunan lestari dalam pelbagai industri. Penggunaan gentian asli dalam industri 
berorientasikan sukan semakin meningkat pada tahun kebelakangan ini. Busur lentik 
(recurve bow) merupakan satu-satunya jenis busur yang digunakan dalam acara 
memanah di Sukan Olimpik. Justeru ianya penting untuk merekabentuk pemegang 
busur lentik bagi penggunaan pemanah junior di Malaysia. Kajian ini bertujuan untuk 
menganalisis pemegang busur lentik untuk pemanah junior Malaysia dengan 
menggunakan gentian asli sebagai bahan alternatif. Kajian ini dibahagikan kepada tiga 
fasa iaitu fasa penyediaan dan persiapan, fasa eksperimen, dan fasa analisis dan 
pengesahan. Dalam fasa penyediaan dan persiapan, campuran gentian semula jadi 
seperti serat kenaf dan daun nanas dituang bersama bahan pelekat iaitu epoxy ke dalam 
acuan dengan menggunakan kaedah manual (hand lay up). Setelah itu, komposit 
tersebut dikeringkan secara semulajadi pada suhu bilik selama 24 jam. Setiap campuran 
komposit di bahagikan kepada tujuh spesimen mengikut piawai ASTM D3039 dan 
ASTM D790 untuk ujian tegangan dan ujian lenturan. Gentian asli daun nanas dan 
gentian asli kenaf telah dipelbagaikan komposisi dengan 5 wt.% dan 10 wt.%, telah 
dihibridkan dengan 95 wt.% dan 90 wt.% gentian asli karbon dan gentian kaca (95 CF/5 
PALF, 95 CF/5 K, 90 CF/10 PALF, 90 CF/10 K , 95 GF/5 PALF, 95 GF/5 K, 90 GF/10 
PALF and 90 GF/10 K). Kandungan keseluruhan gentian adalah ditetapkan sebanyak 
40 wt.%. Hibrid bahan gentian semula jadi terbaik telah dipilih berdasarkan dari hasil 
dapatan ujian tegangan dan lenturan. Dalam fasa analisis dan pengesahan, analisis 
struktur statik pemegang busur lentik telah dijalankan pada pemegang busur lentik. 
Analisis beban semasa tarikan penuh dilakukan setelah panjang tarikan tali busur 
diperolehi. Hasil dari fasa penyediaan menunjukkan bahawa penggunaan komposit serat 
daun nanas dan serat kenaf boleh digunakan dalam fasa eksperimen. Hasil dapatan 
menunjukkan bahawa sifat-sifat bahan komposisi yang terbaik adalah 95 CF/5 PALF. 
Ini disebabkan ia mencapai kekuatan tegangan yang tinggi, kekuatan lenturan dan 
ketumpatan yang rendah. Komposisi ini kemudian digunakan dalam analisis unsur 
terhingga. Dalam analisis unsur terhingga, anjakan maksimum pemegang busur lentik 
dengan 95 CF/5 PALF menunjukkan 98 % pengurangan anjakan maksimum pemegang 
busur lentik dengan kajian terdahulu. Kesimpulan dari hasil dapatan, 95 CF/5 PALF 
sesuai digunakan pada pemegang busur lentik alternatif. Ini kerana ia dapat 
mengekalkan daya yang dikenakan oleh pemanah junior Malaysia apabila mereka 
membidik papan sasaran pada keadaan tarikan penuh. Di samping itu, komposisi 95 
CF/5 PALF ini berada didalam julat kekuatan mekanikal yang sama dengan aloi 
aluminium. Rekabentuk alternatif pemegang busur lentik yang dibangunkan boleh 
menjadi sangat bermanfaat untuk pemanah junior dan jurulatih semasa latihan 
memanah. 
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ABSTRACT 
The utilisation of natural fiber and the waste product has become necessary in order to 
develop sustainability in various industries. The usage of natural fibers in the sport-
oriented industries has increased in the recent years. As the recurve bow is the only type 
of bow that is used in the Olympic Games, it is crucial to design a recurve bow for the 
use of Malaysian junior archers. This study aims to analyse a recurve bow riser for the 
Malaysian junior athletes uses hybrid natural fiber as an alternative material. This study 
is divided into three phases: the set-up and preparation phase, experiment phase and 
analysis and validation phase. In the set-up and preparation phase, a mixture of natural 
fiber such as kenaf fiber and pineapple leaf fiber and epoxy was poured into the mold 
and left to dry at room temperature for 24 hours. The pineapple leaf fiber and kenaf 
fiber content were varied between 5 wt.% until 20 wt.%. This mixture was prepared 
using hand lay-up technique. Nine samples were cut according to ASTM D3039 and 
ASTM D790 for tensile and flexural testing respectively. The experiments of the tensile 
and flexural test were also conducted on the various compositions of hybrid materials in 
the experiment execution phase. The pineapple leaf fiber and kenaf fiber were varied 
between 5 wt.% and 10 wt.%, were respectively hybridised with 95 wt.% and 90 wt.% 
carbon fiber and glass fiber (95 CF/5 PALF, 95 CF/5 K, 90 CF/10 PALF, 90 CF/10 K , 
95 GF/5 PALF, 95 GF/5 K, 90 GF/10 PALF and 90 GF/10 K) with the overall fiber 
content fixed to 40 wt.%. The best hybrid natural fiber composite material was selected 
after the mechanical properties assessment was conducted. In the analysis and 
validation phase, the static structural analysis of the riser was executed on the 
alternative design of the recurve bow riser. The analysis on the recurve riser has been 
conducted after the result of draw length was obtained. The finding from the pre-
experiment suggests that both pineapple leaf fiber and kenaf fiber 5 wt.% and 10 wt.% 
could be used in the experiment phase. Results from the study showed that the material 
property of the best composition is 95 CF/5 PALF because it achieved the highest 
tensile strength, flexural strength and lower density. The composition was then used in 
the finite element analysis. In the finite element analysis, the maximum displacement of 
the alternative design of the recurve riser with 95 CF/5 PALF composite showed 98 % 
reduction in deformation compared to a previous established study. It can be concluded 
that the alternative design of the recurve riser is suitable for the alternative material. It 
can sustain the force applied by the Malaysian junior athletes when they aim at the 
target board at a full drawn bow position. In addition, the 95 CF/5 PALF composite 
meets the requirement of the mechanical properties, which is in the same range as 
aluminum alloy. Therefore, the hybrid composition can be used as a new alternative 
material to make a recurve riser. The developed recurve riser can be very beneficial for 
both athletes and coaches during training. 
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